Urea dilution equations for prediction of empty body water in live cattle, developed by three separate groups of investigators, were evaluated by comparing empty body water calculated by these equations with that measured chemically in 6-, 12-and 18-mo-old crossbred beef steers (n = 10, 9 and 9, respectively). Of four equations for prediction of percent empty body water, one derived from mixed-breeds of steers overestimated empty body water in the 6-too-old steers by 7.59% (P<.05). For the 12-and 18-mo-old steers, calculated and measured percent empty body water did not differ (P>.05). Of seven equations for calculation of empty body water volume, two derived from Angus steers with an without live weight in the equation, and one derived from a combination of Angus and mixed-breeds of steers overestimated empty body water (P<.05) in the 6-too-old steers. No differences (P>.05) between calculated and measured empty body water volume were observed for either the 12-or 18-mo-old steers. When calculated empty body water values were regressed against that measured directly, all regression slopes were not different from 1 (P>.05). Intercepts from regressions involving percent empty body water (four equations) were not different from 0. Three of the seven equations for calculation of empty body water volume, one derived from bulls and the others from Angus steers had intercept estimates not different (P>.05) from 0. Validity required that these regressions have slopes not different from 1 and intercepts not different from 0. Empty body water calculated from equations that combined live weight and urea space were more highly correlated with directly measured empty body water than that calculated from equations derived only from urea space. Urea space correlations with body composition of our steers also were improved when live weight was included with urea space in multiple regression models. Results of this study suggest that before using any prediction equation for calculating body composition of cattle in vivo, equations should be tested with a sub-sample of cattle from the population for which its use is intended.
deuterium oxide as a tracer for body water determination in humans (San Pietro and Rittenberg, 1953) . Preston and Koch (1973) , Koch and Preston (1979) , Meissner et al. (1980) and Hammond et al. (1984) collectively have published numerous equations for prediction of empty body water derived from urea dilution of beef cattle. Results of these studies indicated that the urea dilution technique is potentially suitable for prediction of empty body water in beef steers.
Because urea is inexpensive and the technical requirements of plasma urea N analysis are minimal, the urea dilution technique could be applicable for both research and industry purposes where measurement of body composition during growth are necessary. Although several groups have published urea dilution equations for prediction of empty body water in beef steers, no attempts have been made to establish their validity. In view of the potential value for use in research and industry, urea dilution equations for prediction of empty body water need to be tested by comparing predicted empty body water with that measured directly from a population of steers independent of that from which the equations were derived (MacNeil, 1983) . The purpose of our study was to evaluate urea dilution equations for prediction of empty body water that were published by Preston and Koch (1973) for steers, by Meissner et al. (1980) for bulls and by Hammond et al. (1984) for steers. Regressions of urea space on chemical components of the carcass and empty body of steers used in our study also were made.
Materials and Methods
Twenty-eight crossbred steers were allotted to one of three slaughter groups, 6 (five smallframe, five large-frame), 12 (five small-frame, four large-frame) or 18 (five small-frame, four large-frame) mo of age. Frame size of steers was based on measurements of hip height, birth weight and breed of sire. Average breed composition of small-frame steers was 46% Angus, 26% Jersey, 13% Hereford, 5% Holstein, 3% Simmental and 7% other breeds. That of the large-frame steers was 36% Angus, 34% Simmental, 11% Hereford, 6% Brown Swiss, 4% Holstein and 9% other breeds. All steers were fed the same diet ad libitum. It consisted of 25% alfalfa haylage (36.2% dry matter and, on a dry matter basis, 2.10 Mcal/kg metabolizable energy and 17.8% crude protein) and 75% corn grain and was supplemented with soybean meal to provide 63.0 g metabolizable protein per kilogram dry matter, as well as with NaC1, dicalcium phosphate, S, trace minerals and vitamin A to meet NRC (1976) recommendations for dietary minerals and vitamins for growing beef steers. At each slaughter age, designated steers were transported from the feedlot to the research facility (approximately 160 km) and adapted for at least 2 wk before urea infusions were done. Average body weights at slaughter for each age group were 189.6 + 5.88, 377.6 + 15.22 and 558.5 + 16.09 kg for the 6-, 12-and 18-mo-old steers, respectively.
One to 3 d before slaughter, each steer was infused with 130 mg urea/kg live weight (30% w/v, urea in .9% saline, specific gravity = 1.086 g/ml) through a jugular vein catheter over a 2-min period. The catheter was flushed with approximately 3 ml of .9% saline after urea infusion. The actual quantity of urea infused was determined gravimetrically by weighing syringes before and after infusion. Blood samples were obtained before infusion and 12 min after mean infusion time. Several 5-ml blood samples were obtained and discarded before the 12-min sample was drawn with a fresh syringe. Plasma was prepared by centrifugation of blood at 3,000 • g for 10 min and then stored at -20 C for later analysis of urea N (Fawcett and Scott, 1960) . Urea space, volume (liters) was calculated as milligrams of urea N infused.10 -3 liters/ml, change in PUN -1 where PUN (mg/ml) is the concentration of plasma urea N before and after infusion. Urea space expressed as a percentage of live weight was calculated by dividing urea space (ml) by live weight X 10 ( Bartle et al., 1983) . Steers were slaughtered at the Iowa State University abattoir by exsanguination after being stunned with a captive-bolt gun. Details of procedures and results of carcass and empty body analyses have been reported (Arnold et al., 1985) .
Published urea dilution equations for prediction of empty body water that were evaluated and their sources are presented in table 1. Evaluation of these equations was conducted as described by MacNeil (1983) . Residuals, calculated by subtracting empty body water measured directly from that calculated by each equation, were plotted against directly measured empty body water to ascertain whether linear, nonlinear or divergence of residuals existed. Analyses of regressions of calculated vs directly measured empty body water were done to determine deviation from 1 and 0 of slopes and intercepts, respectively. Valid equations exhibited no relationship between residuals and directly measured values, and regression of calculated vs measured values had a slope not different from 1 and an intercept not different from 0. Simultaneous occurrence of a slope of 1 and an intercept of 0 was calculated as described by Dent and Blackie (1970) . This was done by calculation of an F statistic for 2 and n-2 degrees of freedom: previously established regression equations for 6-, 12-and 18-mo-old steers is shown in table 2. For percent empty body water of the 6-tooold steers, using equation HI resulted in a 7.59% overestimation (P<.05), whereas that calculated by using equations H2, H3 and PK were not different from direct measurement. For both the 12-and 18-mo-old steers, no significant differences between directly measured percent empty body water and that calculated by using any of the equations were observed. Percent empty body water for the 18-too-old steers, however, was consistently overestimated by calculation. Empty body water volume was overestimated for the 6-moold steers by using equations H4 (P<.O1), H6 (P<.05) and H7 (P<.05) by 21.7, 13.0 and 13.8%, respectively, of the directly measured value. Both equations H4 and H7 were derived from the same group of steers, but H7 includes live weight in the regression model; this resulted in a reduction of the overestimation of empty body water in our steers by nearly one-half of that which occurred when the regression model excluding live weight was used. The same response to live weight inclusion in the regression model occurred for calculation of empty body water with equations H6 and H9; the latter equation, however, calculated empty body water to be similar to that measured directly (P>.05). As was the case for percent empty body water, no differences (P>.05) between directly measured empty body water volume and that calculated by any of the equations were observed for either the 12-or the 18-mo-old steers. Except for equation H8, calculation of empty body water volume was improved when the equation used to calculate it included live weight.
A detailed statistical examination of regressions of calculated empty body water on directly measured empty body water is presented in table 3 and is illustrated in figure 1 . As shown in table 3, slopes of all regressions were not different from 1.0 (P>.20). Slope estimates for regressions involving equations H1, H2, H3 and PK (percent empty body water) were closest to unity. Slope estimates for regressions of calculated empty body water volume on that measured directly ranged from .80 to .90. Standard errors of slope estimates for regressions of percent empty body water were two-to three-fold greater than for those involving empty body water volume. Correspondingly, coefficients of determination (R 2)6 were least for regressions of calculated on directly measured percent empty body water and greatest for those on empty body water volume (each .63 for percent and .83 to .94 for empty body water volume). For empty body water volume, regression of values calculated by using equations that included live weight (H7, H8, H9) on direct measurement had slope estimates closer to unity than regressions involving equations that excluded live weight from the model. Also, greater R 2 were observed for regressions of values calculated with equations that included live weight on direct measurement (.93 to .94) than for those involving equations without live weight in the equation (.83). Associated standard errors of estimates of regression models (Sy. x) were greater for models involving H4, HS, H6 and M than for H7, H8 and Hg.
All intercept estimates for regressions of values calculated by using H1, H2, H3 and PK Coefficients of determination, R 2, and standard errors of regression model estimates, Sy.x , were calculated from regression of empty body water calculated with the test equations on that measured directly. on directly measured percent empty body water were not different from 0 (P>.60). Of these four equations, regressions of values calculated from H3 had the intercept nearest 0, .81. For emtpy body water volume, only regression of values calculated by using equations H5, H8 and M on those measured directly had intercept estimates not different from 0 (P>.20). Intercept estimates were greater than 0 for equations H4, H7 (P<.01), H6 and H9 (P<.05). Regressions involving H4 and H6 had the least slope estimates and, correspondingly, the greatest intercepts. Equation H7 includes live weight, whereas H4 does not (both H4 and H7 were derived from the same group of steers); this inclusion of live weight increased the slope from the regression of calculated on measured empty body water from .80 to .88 and decreased the intercept from 43.4 to 27.5. Similar responses in regression parameters occurred for the other equations that included live weight as a component of the regression equation (H5 vs H8 and H6 vs Hg). Regression parameters (slope and intercept) were similar for H8 (equation includes live weight) and M (live weight not included). For regressions with equation M, however, standard errors of slope and intercept estimates (.08 and 15.3, respectively) were nearly twofold those from regression with values calculated with H8.
For regression of directly measured percent empty body water on that calculated by equations H1, H2, H3 and PK, slope estimates were not different from 1, and intercept estimates were not different from 0 simultaneously (table 3) . Of the equations for calculation of empty body water volume only H5-and M-calculated values resulted in simultaneous lack of differences from 1 and 0 by their regression slope and intercept estimates, respectively. The simultaneous occurrence of validity criteria of these equations strengthens their potential usefulness.
Plots illustrating the statistical evaluation of regressions described in table 3 are shown in figure 1. For percent empty body water, no relationship existed between residuals, and measured values along the range of chemically determined empty body water. This suggests that problematic biases were lacking from these equations when they were used to calculate empty body water in our steers. Regression of calculated empty body water volume against that determined chemically illustrate the effects of the overestimation that was observed for the 6-too-old steers and the underestimation observed for the 12-and 18-mo-old steers (table  2) . Empty body water calculated by using H4 had the least slope because of its significantly greater value for the 6-mo-old steers. The regression of H6-calculated empty body water resulted in a regression line (solid line) that crossed the dashed line, which has a slope of 1 and a 0 intercept and, as was the case for H4-calculated values, the H6-regression had a slope less than 1 and an intercept significantly greater than 0. Examination of the residual plots for equations H4, H5, H6 and M illustrates further the results of the regression of calculated on measured values. For equation H4, points near the origin (from 6-mo-old steers) were all greater than zero residual, whereas for the other three equations, these points were nearer to zero residual, indicating closer estimation of empty body water by these equations. For points associated with greater chemically determined empty body water volume, equations H4, H5 and H6 resulted in a divergence in the residual. This type of residual plot suggests that a variance-stabilizing transformation should be included in the equation (MacNeil, 1983) . Plots of H7-, H8-, H9-calculated values (figure 1) demonstrate the improvement that inclusion of live weight made on estimates of slope, intercept, Sy.x and R 2 from regression of calculated on measured empty body water in our steers. Comparison of residual plots for H7, HS, and H9 with H4, H5 and H6 illustrate the reduction in divergence and, hence, the stabilizing effect on variance that live weight had on estimation of empty body water of the steers in our study.
Equations for prediction of empty body water volume from live weight were reported by Hammond et al. (1984) and Meissner et al. (1980) . When live weight of our steers was used to calculate empty body water with their equations, that from Hammond et al. (1984) overestimated empty body water in the 6-tooold steers (120.4 + 2.18 vs 111.3 + 3.34 kg, P<.05) and that from Meissner et al. (1980) overestimated empty body water in the 18-moold steers (290.0 + 7.83 vs 253.8 + 8.62 kg, P<.01). Analysis of regressions of calculated on measured empty body water revealed high correlations (both R 2 = .97) and slope estimates that were not different from 1 (P<.01). Intercept estimates, however, were different from 0 for regressions from either equation (P<.01, 18.7 +-5.98 and -22.6 + 7.99 for Hammond et al., 1984 and Meissner et al., 1980, respectively) . These results suggest that even though live weight may be highly correlated with body composition, when applied to a different population of cattle the equation may not be suitable for all weight ranges of cattle. Additionally, using live weight as a predictor of body composition in cattle fed diets varying in energy density may be invalid because of potential variation in gut fill. Examination of the data reported by Jesse et al. (1976) suggests that gut fill is less in cattle fed higher energy dense diets. Live weight, therefore, would probably be less reliable than empty body weight as a predictor of body composition in cattle, especially if the cattle are fed diets differing in energy density. Regardless of dietary energy content, cattle grown to similar slaughter weights by conventional feeding regimens have similar carcass compositions (Jesse et al., 1976) . Recently, a beta-adrenergic agonist has been shown to affect markedly partitioning of adipose and muscle tissue growth in cattle without altering rate or efficiency of body weight gain (Ricks et al., 1984) . If use of these compounds as repartitioning agents becomes common, when relative accretion of muscle and fat will vary and, therefore, would preclude the usefulness of either live weight or empty body weight as a single predictor of body composition in cattle.
Overall, the urea dilution equations for prediction of percent empty body water were valid on the basis of statistical evaluation of parameters determined by regression of the calculated on directly measured values. Although valid in the overall analysis, equation H1 significantly overestimated percent empty body water in the 6-too-old steers (table 2) . Equations H4 and H7, developed from the same steers as H1, but for prediction of empty body water volume, also significantly overestimated empty body water in the 6-mo-old steers. Equations H1, H4 and H7 were developed from a group of mixed breeds of cattle (Hammond et al., 1984) , whereas equations H2, H5 and H8 were developed from Angus steers (Hammond et al., 1984) . For calculation of empty body water in our 6-mo-old steers, the three equations developed from Angus steers gave values that were closest to the directly measured values; those of the mixed breeds were furthest, and those developed from pooled Angus plus mixed breeds of steers (H3, H6 and Hg) were intermediate. These results suggest that the type of cattle used to develop prediction equations could influence their validity for use with different populations of cattle. In a more recent study by Hammond and Waldo (1985) , urea space was found to predict body composition of Holstein steers, but empty body water and fat in these steers calculated from equations developed from beef steers were significantly different from those measured chemically. In our study, empty body water calculated by equations PK and M were quite similar (P>.05) to their respective directly measured values in the 6-mo-old steers. For the 12-and 18-too-old steers, no differences (P>.05) were observed between directly measured empty body water and that calculated (table 2). Examination of means revealed that, of the equations by Hammond et al. (1984) , H3 yielded the closest approximation for percent empty body water. For empty body water volume, however, H7 yielded the closest approximation of all equations studied for the 12-and 18-mo-old steers. Although prediction equations developed from a particular breed or type of cattle may not proved useful for other breeds or types, as observed by Hammond and Waldo (1985) , we observed in our study that this is not always the case. Therefore, choice of a prediction equation should be made after potential equations have been evaluated in the population of cattle intended for its use.
An important concern in estimation of body water in ruminants is differentiation of gut water from empty body water. Total body water includes water in the empty body and gut, the latter being highly variable and difficult to measure. Tritium oxide dilution is a widely accepted estimator of body composition because of its close association with total body water in goats (Panaretto and Till, 1953; Panaretto, 1963) , sheep (Searle, 1970) and cattle (Little and Morris, 1972; Bird et al., 1982) . Deuterium oxide dilution is also a proposed and evaluated technique for estimating body water in vivo (Byers, 1979; Sheng and Huggins, 1979; Arnold et al., 1985) , and has been used in many investigations in which estimates of body composition in cattle were required. Arnold et al. (1985) , however, found that deuterium oxide dilution had more utility in predicting relative changes in body water. Byers (1979) addressed the problem of gut water by development of a deuterium oxide dilution, two-pool model designed to estimate gut water and empty body water. Using a similar approach, Ferrell and Jenkins (1984) and Arnold et al. (1985) found that the mass of gut water measured in cattle was poorly correlated with gut water estimated by using a kinetic, two-pool model derived from deuterium oxide dilution. When urea and tritium oxide dilution were compared by Meissner et al. (1980) , urea space determined 10 rain after urea infusion was found to be highly correlated with empty body water, whereas tritium oxide was more closely associated with total body water. In an earlier study, however, Meissner (1976) found urea to equilibrate in total body water and not within the empty body water. In contrast, Preston and Koch (1973) observed urea to equilibrate within the empty body of steers. Additionally, Bartle and Preston (1985) found that neither urine nor ruminal fluid represented major pools of urea space 12 min after urea infusion of a 450 kg heifer, suggesting that the equilibration of urea occurred within the empty body.
Comparison of Urea Dilution with Cbemical Composition of the Carcass and Empty Body.
Prediction equations for carcass lipid (CL), carcass protein (CP), carcass water (CW), empty body water (EBW) and empty body fat (EBF) are shown in table 4. Significant regressions were observed with both urea space expressed as a percentage of live weight (US%) and as mass (volume; US kg). For regressions using US%, coefficients of determination were all similar, from .61 to .64. Standard errors of estimates for these regression equations (Sy.x), however, were not as similar. The greatest Sy.x were observed for CL% and EBF%, 6.67 and 6.47%, respectively. For CW% and EBW%, Sy.x were 4.70 and 4.80%, respectively; Syo x was least for CP%, 1.46%. Intercept and slope estimates for CL% and EBF% were similar, as were those for CW% and EBW%. Overall means for directly measured EBW%, CW%, EBF% and CL% were 56.59, 55.05, 21.19 and 22.51%, respectively. Predicted values for these four components of the empty body and carcass were 56.91, 55.04, 21.36 and 22.88%, respectively. For use of US kg as the predictor, significant regressions also were observed; coefficients of determination, however, were greater than those for US%: .83, CP kg; .82, CW kg and .83 for EBW kg. Very little change occurred for CL kg and EBF kg regarding R 2 values. As was the case for use of US%, standard errors of estimates were greatest for CL kg and EBF kg, intermediate for CW kg and EBW kg and least for CP kg. Intercept and slope estimates were not similar between water or lipid regression equations, as they were for US% as the predictor. The lesser Syox and R 2 for the protein and water prediction equations suggests that as cattle grow and accumulate mass of protein, water and lipid, urea space is more closely associated with changes in the protein and water, and is more variable in association with lipid.
Substantial improvement of our regression models was observed when live weight (LW) was included in the models ( (table  4) . Coefficients of determination were increased by an average of 5.3% for all components with addition of US% as an independent variable, but with addition of US kg R 2 increases were observed only for CL (2.2%), EBF (2.2%) and EBW (1.0%), Standard errors of the estimate were slightly decreased when US kg was in- aTen 6-, nine 12-and nine 18-mo-old, mixed breed beef steers, average weights of 189.6 +-5.9, 377.6 +-15.2 and 558.5 -+ 16.1 kg, respectively. bUS kg = milligrams urea N infused § change in urea N concenration from pre-infusion to 12 min post-infusion X 1,000; US% = milligrams urea N infused + change in urea N concentration from pre-to post-infusion + (LW • 10) • 100%. LW = live weight.
CStandard error of the estimate. dcoefficient of determination.
elf P<.05, the slope estimate is significantly different from O.
cluded with LW in the multiple regression equations. For US%, however, standard errors of the estimate were decreased by an average of 12% from LW alone as the independent variable. Hammond et al. (1984) found a 36% larger standard error of the estimate with LW alone than with LW and US kg as independent variables of regression equations for prediction of EBW. These investigators also observed US kg to account for more of the variation in EBW of beef steers than did LW (R 2 = .92 and .89, respectively).
Results of our comparison of US with body composition are further illustrated in figure 2. Because the response to LW inclusion in the regression model was similar for US kg and US%, addition of LW is illustrated for US kg only. Examination of plots and analysis of residuals were conducted to detect problematic biases and to determine if each model accounts 20"/l ;,,,.
,, Figure 2 . Plots of residuals (predicted minus observed values) against predicted values determined by linear regression of the independent variables urea space (US) and urea space plus live weight (LW) on the dependent variables carcass lipid (CL), carcass protein (CP), carcass water (CW), empty body water (EBW) and empty body fat (EBF). Circles represent 6-mo-old steers (n=lO), squares represent 12-too-old steers (n=9) and triangles represent 18-mo-old steers (n=9). The dashed line through the points is a reference line with a slope of 0 and an intercept of O.
for variation of age and urea space. With all points considered together, the plots of residuals against predicted values for CL% and EBF% had the greatest spread of points about zero residual for regressions using US% as the predictor. This illustrates the greater Sy.x observed for CL% and EBF% than was observed for CP%, CW% or EBW%. Residual plots of regressions that used US kg as the predictor were similar to those of regressions with US%. Relative deviation from zero residual was less, however, when residual plots of US kg were compared with those of US%. This can be seen by comparing the range of residuals with the range of the component of the carcass or empty body; for example, the range of CP kg. When LW was included in the regression model for prediction of kilograms of body components, deviation of points from zero residual was greatly reduced, reflecting the decrease in Sy.x and increase in R 2 over those from regressions without LW in the model.
When all points in each individual plot of figure 2 are considered together, no linear or quadratic relationship existed (P>.05), nor was any divergence of residuals observed as the magnitude of predicted values changed. As a whole, therefore, our data indicate a lack of systematic bias in regression equations that used US as a predictor for body composition. Within an age group, however, using US% and US kg as predictors in simple regressions resulted in some obvious relationships between residuals and predicted values; for example, with the 6-and 18-mo-old steers for CL predicted by US kg. With LW included in the regression model with US kg, no relationship between residuals and kg of carcass or empty body components within any age was exhibited. The extent of the observed age effects shown in the residual plots of figure 2 was determined by analysis of variance using the residuals as independent variables and US and steer age as the dependent variables. Results of this statistical analysis are presented in table 5. With US% as the predictor, analysis of variance of residuals revealed significant age effects for both CL% and EBF% (P<.05). Age effects for CW% and EBW% were evident from their residual plots (figure 2) but only approached significance (P<.I). Only for CP% was an age effect nonsignificant (P>.lS). For each analysis of residuals from percentage values of body composition, a urea space effect was observed (P<.001); urea space effects within an age (interactions), however, were not significant. Results of analyses of residuals from regressions that used US kg as the predictor were similar in kind to those of US%, except that the age effect for CP kg was closer to being significant (P<.I). As shown in figure 2, LW inclusion in regression models had a marked stabilizing effect on variation of the residuals for each carcass and empty body component. Analysis of residuals generated from regressions that included LW in the model to predict kg of body composition verified the LW effect, because P-values were >.74 and >.41 for age and US effects, respectively. A similar type of response was observed when US% and LW were included together as predictors. Interactions between age and US were also present.
Overall, our comparison of urea space with components of the carcass and empty body indicated that urea dilution has potential for use in prediction of body composition of beef steers. The overall accuracy of prediction and stabilization of variation was improved when LW was included in the regression models; this is not surprising because changes in body composition were occurring during continuous growth of the steers from which each age group was sampled. Without LW, however, urea space accounted for greater than 60% of the variation in percent body composition and mass of lipid in the carcass and empty body, and greater than 80% of the variation in mass of protein and water in the carcass and mass of empty body water. The most important feature of LW inclusion, therefore, was the elimination of age effects revealed by analyses of residual plots. Preston and Koch (1973) observed urea space estimates to underestimate percent empty body water in their steers. In our study, urea space underestimated percent empty body water by an average of 13.3%. For empty body water volume, urea space estimates were 4.6% less than that measured directly. Inspection of the equations for prediction of percent empty body water by Hammond et al. (1984; equations H1 to H3, table 1) suggests that empty body water also would be underestimated somewhat by these equations, indicating that underestimation of empty body water may be a common feature of urea dilution. The equation developed by Meissner et al. (1980; equation M, Schloerb (1960) pointed out that blood flow rates of different tissues within the body are affected by different physiological and nutritional states that would ultimately influence exchange rates in many areas of the body. Urea space estimates, therefore, may differ between different populations of steers. Jones et al. (1982) observed a poor relationship between urea space and carcass lipid in steers, R2=.19, but with mature dairy cows, this relationship was better (R2=.54). Bartle et al. (1983) observed a better relationship between percent carcass lipid and urea space with beef cows (R2=.35) than with dairy cows (R2=.28). Bartle et al. (1983) also found that, by including LW, change in plasma urea N (PUN) before and after urea infusion, initial PUN and initial PUN 2 in a multiple regression equation, the overall relationship with carcass lipid was greatly improved (R2=.85). In our study, using LW also provided variance stabilization (table  5) by reduction in magnitude of residuals (figure 2).
In conclusion, based on criteria of slope and intercept estimates of regression of calculated aDifference between the observed value for the body composition variable and the value predicted by the regression of the body composition variable on urea space. bTen 6-, nine 12-and nine 18-rno-old steers.
CAbbreviations: CL=carcass lipid; CP=carcass protein; CW=carcass water; EBW--empty body water; EBF=empty body fat, US%=urea space as a percent of live weight (LW).
dFrom type II1 sums of squares.
on observed values, urea dilution equations developed from separate studies were valid for prediction of percent empty body water in our beef steers. For prediction of empty body water volume, most equations tested were not valid, but were not far from acceptable criteria. Equations derived from our steers for prediction of empty body water differed somewhat from those tested with respect to slope and intercept estimates, but the values for empty body water calculated by all equations were not so dissimilar. Because several of the equations that we tested were not valid according to the criteria we used, and because some of the means of calculated and observed values differed (table 2) , to ascertain the potential of available equations, they should be tested with a sample of the population of cattle for which their use is intended.
